The results of the effects of transglutaminase (TG) and bacterial concentrates (BC) of different strains of microorganisms on the functional and technological properties of minced meat obtained from beef trimming (80/20) are presented. A control and seven experimental samples of minced meat were obtained three samples with the addition of 10% BC: Bi lact-Pro, Bi lact-AD, Bi lact-Ke r (S-Pro, S-AD, SK), a sample with the addition of 0.2% TG (S-TG) and three samples with simultaneous addition of 5% BC: Bi lact-Pro, Bi lact-AD, Bi lact-Ke r and 0.1% TG (S-Pro + TG, S-AD + TG, S-K + TG). The control and experimental samples were analyzed for: pH, water binding capacity (WBC), water holding capacity (WHC), cooking loss, as well as physicochemical and rheological properties. The highest WHC was observed in the S-TG samples during the 12 h of ripening, whereas in the S-Pro+TG, S-AD+TG and S-K+TG samples during the ripening period of 12 18 h. The data obtained correlated with an increase in the pH value in the samples during the indicated periods. Signi cant differences were noted in the changes in WBC and WHC when BCs were added to the minced meat, as dependent on the composition of the microorganism cultures. The lowest cooking losses were determined in the S-TG sample, i.e. 19.03 19.99% (p<0.05), whereas in the S-AD+TG and S-K+TG samples they reached 17.91 18.61% (p<0.05) and 18.96 19.58% (p<0.05), respectively. The most pronounced elastic properties were found in the samples with TG. Thus, the results showed that the combination of BC and TG demonstrates a synergistic effect on the functional and technological properties of meat systems.
INTRODUCTION
The rising cost of beef products has led to the need for the rational use of low-value meat cuts and beef trimmings as restructured meat, as prepared from small cuts of meat. This approach allows for an increase in the yield of marketable products and enterprises to gain additional pro ts [Sorapukdee & Tangwatcharin, 2018] .
In recent years, enzymatic processing of raw materials has become particularly popular with the intensive development of biotechnology [Cheng et al., 2009; Liu et al., 2012; Rawdkuen & Benjakul, 2012] . Enzymatic modi cation of food components is more acceptable to the food industry than the more commonly used chemical methods [Kieliszek & Misiewicz, 2014] . The experience of the practical use of enzymes for the processing of raw meat, as accumulated in many countries, suggests that this method of processing is very effective at improving the properties of raw materials and increasing the productive yield of meat products [Rivier, 2007; Rawdkuen & Benjakul, 2012; Uran & Yilmaz, 2018] . Transglutaminase (TG) plays an important role among these enzymes [Uran & Yilmaz, 2018] , with its potential to improve the rmness, viscosity, elasticity, and water binding capacity of food products [Kieliszek & Misiewicz, 2014] .
The use of TG in the meat industry improves the functional properties of proteins in meat products, contributes to the strong cohesion of a block of meat without the further need for the addition of salt or phosphates, and also has a positive effect on the texture of the nal product, which results in an increase in its hardness [Kieliszek & Misiewicz, 2014; Atilgan & Kilic, 2017; Uran & Yilmaz, 2018] . Meat products contain a high level of protein, including the myo brillar proteins: actin and myosin, which affect the development of product texture and at the same time serve as good substrates for transglutaminase [Tseng et al., 2002] . TG helps solving technological problems in the production of both emulsi ed sausages and ne and coarse-minced sausages. The ability to bind proteins of different origins can be used in the production of combined meat products, allowing for the inclusion of lower-quality raw materials and ingredients, such as mechanically deboned meat, skimmed milk powder, soy or wheat our. The use of TG allows for the production of lower fat content meat products which do not dif-fer in organoleptic properties from the conventional products [Kieliszek & Misiewicz, 2014] .
The results obtained by Sorapukdee & Tangwatcharin [2018] and Baugreet et al. [2018] showed that pieces of restructured beef processed with microbial TG could be bound together via cross-linking of myosin chains and actin.
Many researchers point to the widespread use of bacterial preparations and starter microorganisms to improve the properties of raw meat [Campbell-Platt, 1995 Exopolysaccharides (EPS) have an immense commercial value because of their industrially useful physico-chemical properties [Patel et al., 2012] . The polysaccharides excreted by lactic acid bacteria (LAB) during the fermentation processes result in the particular viscosity of certain foods [Sanni et al., 2002] .
EPS are complex carbohydrates located outside the cell. Many strains of LAB produce extracellular polysaccharides which may be tightly associated with the bacterial cell wall as capsules or otherwise liberated into the growth medium as a loose slime [Cerning, 1995] . Some Bi dobacterium strains, as well as many other microorganisms, are able to produce these polymers [Ruas-Madiedo et al., 2007] . Dairy propionibacteria are also capable of producing EPS [Cerning, 1995] .
EPS-producing lactic acid bacteria (EPS-producing cultures) are used to improve dairy product functionality by binding free water. EPS have the ability to bind water and to increase moisture retention by water binding or entrapment within their three-dimensional networks [El Soda, 2014]. EPS derived from LAB play a crucial role in improving the rheology, texture, and mouth feel of fermented food formulations and conferring bene cial physiological effects to human health [Doleyres et al., 2005] .
However, the in uence of TG in combination with bacterial concentrates (BC) on physicochemical and technological properties of meat products has not been reported to date in the relevant literature. Thus, the aim of this research was to determine the effect of transglutaminase and bacterial concentrates composed of different strains of microorganisms on the functional and technological properties of minced meat during the ripening process.
MATERIALS AND METHODS

Materials
Beef was collected 48 h after slaughtering from a breeding plant Dubrovsky (Chelyabinsk, Russia). Fresh beef trimmings (80/20) (66.42 g/100 g moisture, 16.10 g/100 g protein, and 17.64 g/100 g fat) were obtained from rib and round portions. Beef trimmings were transported in a refrigerator at 4°C to the laboratory of the Food and Biotechnology Department (South Ural State University, Chelyabinsk, Russia) within 2 h for further processing. Then, beef trimming was analyzed for pH using a portable pH-meter (HANNA HI83141, Woonsocket, RI, USA). An electrode was inserted to a depth of 5±1 cm, where the values obtained ranged from 5.56 to 5 
Preparation of minced meat samples
The beef trimmings (80/20) were passed through a grinder (Fimar 32/RS Unger, Italy) tted with a plate with 6 mm diameter holes.
BCs were activated in 1 L of sterilized skimmed milk at a temperature of 37±1°C. Microbial TG was added to the meat in a dry form, and water was added to activate it. with simultaneous addition of 0.1% enzyme TG and 5% BC by weight of raw materials (S-Pro+TG sample with concentrate Bi lact-Pro and TG, S-AD+TG sample with concentrate Bi lact AD and TG, S-K+TG sample with concentrate BK-Ke r and TG). A sample of the minced meat from the trimmings was taken as the control sample (S-C). Thus, a total of eight formulations were taken (Table 1) , where ve samples of minced meat were made for each formulation. Prepared minced meat samples were kept for ripening at a temperature of 2±2°C for 24 h, and parts of the samples were taken to determine indicators characterizing the functional and technological properties of minced meat (pH, water binding capacity (WBC), water holding capacity (WHC), cooking loss and rheological properties) every 6 h (0, 6, 12, 18, 24 h).
Technological properties measurements
Water binding capacity
The WBC was determined via the lter paper method [Grau & Hamm, 1956] , which is based on determining the amount of separated moisture after lightly pressing and calculating the spot area formed on a piece of lter paper using a planimeter. The mass fraction of the bound moisture in a given sample was calculated using the following formula:
where: X mass fraction of bound water in a sample (% total moisture), A total mass of moisture in a sample (mg), and B area of the wet spot (mm 2 ).
Water holding capacity
The WHC was determined gravimetrically as described by Zhang et al. [2018] . Samples were placed in sealed centrifuge tubes and centrifuged at 70×g for 15 min at 4°C (Laboratory centrifuge OKA , Sibagroprom, Novosibirsk, Russia). After heating at 75°C, the supernatant was decanted, and samples were weighed. The samples were then stored at 4°C for 24 h and centrifuged at 110×g for 10 min at 4°C (Laboratory centrifuge OKA , Sibagroprom, Novosibirsk, Russia). The resulting supernatant was removed using lter paper and samples were weighed. Water holding capacity (%) was expressed using the following formula:
where: W mass of the sample (g), W 1 mass of the sample after heating and decanting the supernatant (g), and W 2 mass of the sample after centrifuging and removal of resulting supernatant (g).
Cooking loss
Weight loss of minced meat during heat treatment was determined using the gravimetric method, based on measuring the mass of a sample before and after heat treatment. To determine cooking loss, the minced meat was formed into meatballs weighing 11±1 g each, which were weighed before heating at 75°C in the air-o-steam (Rational AG, Landsberg am Lech, Germany) for 10 min. Cooking loss was calculated using the following formula:
Cooking loss (%) = [(weight of raw sample (g) weight of cooked sample (g) / weight of raw sample (g)] × 100.
pH
To determine pH values, 5 g of minced meat sample was blended with 20 mL of distilled water for 1 min using a chopper [Bosch MMR 0801, Gerlingen, Germany]. The pH was measured with a stationary pH meter (model HANNA HI 2210 (PH/T), Woonsocket, RI, USA) equipped with a pH and temperature electrode HI 1131B and HI 7662 (HANNA) at 20°C. Before measuring pH, the detector was calibrated with pH 4.01 and pH 6.86 buffers.
Rheological measurements
Rheological measurements were conducted using a texture analyzer Structurometer ST2 (LAB, Quality Laboratory, Moscow, Russia) by compressing it with an indenter Cylinder Ø36 (duralumin, mass 42.5 g). The analysis of the mechanical tension induced on a cylindrical indenter during its introduction into the product was carried out under the following loading mode: contact force (Fc = 7 g), strain rate (Vd = 0.5 mm/s), and the introduction of the indenter continued until the effort Fmax = 500 g. Total, plastic, and elastic deformations were determined. Measurements were carried out at a sample temperature of 2±2°C.
Physicochemical analyses
Chemical analyses of the minced meat samples were performed 24 h after their preparation. Total nitrogen content was assayed using the Kjeldahl method [ISO 937:1978] . Nitrogen was converted to equivalent protein content using a factor of 6. 25 
Statistical analysis
The experiment was carried out in ve replicates and each analysis was performed in three repetitions. All measurements were conducted in triplicate. Results were expressed as mean values of ve replicates ± standard deviation. Probability values p 0.05 were taken to indicate statistical signi cance. The data was analyzed via one-way ANOVA and the Tukey test using the free web-based software offered by Assaad et al. [2014] .
RESULTS AND DISCUSSION
pH, WBC, WHC and cooking loss TG maintains its maximal enzymatic activity at temperatures close to 0°C [Yokoyama et al., 2004] , allowing it to be used at the low temperatures required for meat ripening.
The research results ( Table 2 ) demonstrated that the pH of minced meat changed depending on the concentration of biotechnological components and length of the ripening period. In the control sample, a gradual increase in the pH to 5.82 by the end of the ripening period was observed, which is typical of a meat system that does not contain technological additives.
The pH values of minced systems varied from 5.45 to 5.53 before the start of the ripening process. From results presented in Table 2 , it can be concluded that the introduction of BC in a 10% concentration led to a successive increase in the acidity of the meat system and a decrease in pH to 5.34 5.46 after 24 h of fermentation. This effect is due to the accumulation of acidic metabolic products of bacteria that will reduce the pH as a fact of their acidity [Mejri et al., 2017] . Moreover, the accumulation of the acidic products of microbial activity in minced meat was irregular throughout the ripening period; in the samples containing BC S-AD and S-Pro (10%), there was a signi cant increase in pH to 5.50 5.56 (p<0.05) after 12 18 h of ripening, followed by a successive decrease.
There was a signi cant increase in pH in the samples containing TG compared with the control samples after 12 18 h of ripening The maximum pH level in the S-TG samples was observed during the 12 h interval (5.87 5.93), and for the samples containing a complex of TG and BC (S-AD+TG and S-K+TG) at 12 18 h (5.97 6.02). Meiying et al. [2002] demonstrated that the pH of meat batter treated with TG was higher than that of meat without TG treatment. The pH value established in the samples of minced meat with TG was remote from the isoelectric point of muscle proteins, which signi cantly affected their functional properties, ensuring a high level of WBC, WHC, and low weight loss during heat treatment. Hughes et al. [2014] reported that loss of water from muscles and the degree of changes in their properties depends on the pH which muscle proteins are sensitive to.
Signi cant differences in the dynamics of WBC were noted depending on the composition of microorganisms in experimental samples with BC (Table 3 ). In sample S-K, WBC increased slightly and reached its maximum during 12 h of the ripening period. There was a rapid increase in WBC, which reached a maximum by 12 18 h of ripening, when a starter containing acidophilic and propionic acid cul-tures (samples S-AD and S-Pro) was added to the minced meat. It should be emphasized that the addition of BC Bilact Pro and Bi lact AD signi cantly improved the water binding capacity of the meat system after 12 h of maturation to 51.8 52.1% (p<0.05) compared to the control. Cerning [1995] and Patel et al. [2012] proved that lactic acid bacteria and propionic bacteria are capable of producing EPS at low temperatures and pH levels close to 5.5. It can be assumed that the improvement in water binding capacity observed for S-Pro and S-AD samples is due to the water-absorbing properties of EPS, which accumulate during the vital activity of these types of bacteria. However, there was a considerable decrease in WBC of minced meat with bacterial starters to 39.9 46.3% (p<0.05) by the end of the ripening process (24 h), which was apparently due to the accumulation of lactic acid and the consequent decrease in pH to that close to the isoelectric point of muscle proteins. Mauriello et al. [2004] noted that WBC decrease is related to pH decrease; when pH is close to the isoelectric point of the protein, the functional properties of the meat proteins are reduced. Puolanne et al.
[2013] researched the WHC of meat without added salt, which was found to have a distinct minimum at pH 5.0, which is the average isoelectric pH of meat structural proteins.
It should be emphasized that the combination of BC and TG has a synergistic effect on the functional and technological properties of minced systems. Thus, when TG and BC are added to minced meat, the protein matrix is rapidly formed during the rst 6 12 h of exposure; the technological properties of meat are enhanced as a result of TG activity. This has been con rmed by the research results. The highest WBC was observed in the S-TG samples during the rst 6 12 h of maturation, whereas in the S-Pro+TG, S-AD+TG, and S-K+TG samples in 12 18 h of the maturation period. The data obtained correlate with an increase in pH of the meat system during the indicated periods. In addition, in the samples containing the complex of TG and bacterial cultures, the WBC increased considerably to 58.6 65.0% (p<0.05) as compared [2003] noted the correlation between the WHC of raw pork muscle and cooking loss which was dependent on cooking temperature.
The results of our research showed that decreasing WHC and WBC was correlated to increased cooking loss. Signicant differences in weight loss compared to the control sample were found only in the S-TG and S-K+TG samples at the initial stage of maturation (0 h) ( Table 3) , while in the 18 24 h period, a considerable reduction in cooking loss in comparison to the control was established for all samples containing TG enzyme (0.1 and 0.2%). Thus, the greatest mass loss was observed in the samples without TG (S-C, S-Pro, S-AD, S-K), and this tendency was found to continue from 6 h until the end of the maturation process. The lowest cooking loss was observed in samples with high WBC and WHC. Thus, in the S-TG sample, the lowest cooking losses were established between 6 12 h and reached 19.03 19.99% (p<0.05), whilst in the S-AD+TG and S-K+TG samples the lowest weight loss was found in the 12 18 h period and amounted to 17.91 18.61% (p<0.05) and 18.96 19.58% (p<0.05), respectively. Pietrasik et al. [2007] noted that TG increases the WHC of meat products and decreases cooking loss, which is in agreement with the results reported above. Zeng et al.
[2017] determined that the degradation of myo brils as a result of enzyme proteolytic activity led to improved water holding in myo brils. The results obtained con rm that not only does the TG activity have a positive effect on WHC, but further that the microorganisms in BC possessing the ability to synthesize EPS, which are hydrocolloids, enhance the ability of the meat system to hydrate. Consequently, the highest values of WHC were detected in the samples with TG, i.e. 48.6% (p<0.05) in sample S-TG at 12 h of maturation, 51.2 and 49.8% (p<0.05) in samples S-K+TG and S-AD+TG, respectively at 24 h of maturation.
Accordingly, the results obtained con rm the synergistic effect of the activity of TG and BC on the development of the functional and technological properties of the meat system. Exposure for 12 18 h was found to be optimal for the development of the required technological qualities of minced meat with the addition of TG and BC.
Chemical composition
The results of determination of minced meat physicochemical indicators are presented in Table 4 . The results obtained demonstrate that applying various biotechnological additives resulted in a signi cant decrease in the fat content in the experimental groups compared with the control group (p<0.05). Protein contents of the samples containing BCs ( S -P r o , S -A D , S -K ) w e r e s i g n i cantly reduced (p<0.05) in comparison to those in the control sample and samples with TG, which was probably due to the lower water binding capacity and water holding capacity of these samples and caused loss of nutrients. The moisture content of the samples with BCs (S-Pro, S-AD, S-K) was 67.1, 67.4, and 67.7 g/100 g, respectively, while the moisture content of the samples with TG (S-TG, S-Pro+TG, S-AD+TG, S-K+TG) ranged from 66.0 to 66.6 g/100 g. According to Atilgan & Kilic [2017] , the use of TG did not cause signi cant differences in protein contents among groups of cooked ground beef. The protein content in our studies ranged from 15.2 to 16.6 g/100 g (p<0.05); no statistically signi cant differences were found in its values in the control and experimental groups with TG (0.1 and 0.2%). Similar results were obtained by Uran & Yilmaz [2017] , who showed no statistically signi cant differences in the protein content in the control and other groups containing the enzyme in different concentrations (0.2, 0.6, 0.8, and 1%) during burger production.
Rheological properties
Minced meat has a plastic-elastic structure characterized by a complex of structural and mechanical properties. The deformation characteristics of the meat system depend on the moisture, fat content, and degree of grinding, and at the biochemical level on the interaction forces between the functional groups of the molecules.
As a result of rheological studies, the effects of introducing TG and BC containing various types of microorganisms on the elastic-plastic properties of the meat system have been established. During the initial stages of ripening, relatively high rates of total and plastic deformation were established in minced meat containing both 5% and 10% BC (Table 5) , which indicates the softening of the raw meat.
The most pronounced elastic properties were determined in samples S-TG, S-Pro+TG, S-AD+TG, and S-K+TG. Moreover, there was a tendency towards a progressive increase in these indicators with increasing exposure time of the minced meat. The gradient increase in elastic deformation over 24 h of maturation in the S-TG (from 2.25 to 3.26 mm) and S-Pro+TG (from 1.99 to 3.32 mm) samples was very clearly observed. The lowest total and plastic deformations in the 12 24 h period were established in the samples with 0.2% TG at 10.6 12.2 mm and 8.0 9.8 mm, respectively. In the samples that contained bacterial starters (S-Pro, S-AD, S-K), a hopping change in the elastic properties was observed, with the maximum elastic deformation detected in the 12 18 h period.
It should be noted that after 12 h of maturation, the maximum strengthening of the meat system structure occurred under the in uence of both TG and microorganism enzymes. The total deformation decreased to 10.57 18.06 mm, plas- tic deformation was up to 8.00 15.66 mm, and the extent of elastic deformation was 2.40 3.34 mm. Canto et al. [2014] reported that the increase in springiness and cohesiveness of meat systems containing TG might have b een due to the enhanced protein cross-linking between particles of meat. A gradual decrease in total and plastic deformation and an increase in elastic deformation during the ripening period were observed in the control sample.
During the entire ripening period (24 h), it was noted that the S-K and S-Pro samples were characterized by the least elasticity and most pronounced plasticity. The observed changes were caused by the proteolytic activity of microorganisms in the composition of BC capable of polypeptides release, which leads to the relaxation of raw meat structure. Nevertheless, with the combined use of starter microorganisms and TG involved in the binding of food systems biopolymers, all samples of minced meat showed an improvement in both the plastic and elastic properties. As a result, the meat system with developed elastic-plastic properties can be easily moulded into a dense monolithic structure, subsequently forming the elastic consistency of the meat product. Ionescu et al. [2008] showed that the increase in viscosity of myobrillar protein with TG treatment is due to protein chain cross-linking catalyzed by TG. The cross-linkage between TG and protein can affect the viscosity of food system, making it stiffer and more rigid than the control. Lesiow et al. [2017] demonstrated that the presence of TG increased the hardness of control pork meat batters. The interactions of proteins and water have important effects on water holding and gelling in meat products, and consequently on their technological properties.
CONCLUSIONS
The results of the studies showed a unidirectional positive effect of TG and BC on the functional and technological properties of the meat system. It has been determined that a ripening time of 12 18 h is suf cient for the development of optimal WBC, WHC and rheological properties of minced meat with the addition of TG and BC. The results of this research indicate that the meat industry may achieve the benets of improved technological properties and reduced cooking loss by using a combination of BC with TG in their formulations.
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